By It. Ni utsttl.
In one of my previous papers'-' 1 have shown, in a general manner, that many organic substances can be directly synthesized from calcium carbide. It is note my intention in this paper to show whether or not this new method of synthesis can be controlled, to some extent, to produce butyl alcohols (limited to iso-and normal). I have chosen this synthesis, because there has been evidence that sonic alcohols can be formed when the carbide is reacted both under ordinary' and under elevated pressures", and because of its interest, academically and practically, as a source of the butenes which can be readily transformed into aviation gasoline and ingredients of high octane number. This synthesis has proved not only, heretofore, unreported in the literature, but it also takes place quite satisfactorily under practical conditions, and the experimental results** are predictable from the theory.
Before discussing the experimental data, which have definite bearing on the subject, some thermodynamic calculations on the free energies of the syntheses will be made. They will he given in the Tables and Fig. I below. For these calculations the same notations, relations, and equations for the standard free energy of formation as those given in one of my papers'), which will be henceforth designated as Paper (A) 1, have been used. For the sake of convenience, the equations for those substances here involved will be given again in Table I. In Table II JF°, the standard free energy of formation, at 100, 300, and 500°C, calculated from the equations in Table I are shown, and in Table III JF, the free energy of reaction involving the formation of one mole of iso-or normal . It is the writer's pleasure to thank Dr . M. Sato for the permission for publication. 1) R. Negishi, This journal, 15, 127 (1941) .
2) R. Negishi, 0. Kimura, and 0. Kamiike, This Journal, 15, 31 (1941) . This paper will henceforth be referred In is Paper (A) 1.
3) R. Negishi and 0. Kamiike, Papers f-VI, a series of papers on the direct synthesis of hydrocarbons from the carbide under, ordinary pressure, to appear in J. Soc. Clear. And., frpan, (1941) . 4) R. Negishi, M. Nibayashi, and 0. Kainiike, Papers 1-I11, a series of papers on the direct synthesis of hydrocarbons front (lie carbide under elevated pressure, to appear in J. Soc. Chem Ad., Japan, 5) Calculated as in Paper (A) I from the data griven by C. L. Thomas, C. Egloff, and J C. Fm!. Rug. Chem., 29, 1260 (1937 . 6) A. W. Francis, ibid., 20, 283 (1928) . 7) J. Chipmmn, ibid., 24, 1013 Chipmmn, ibid., 24, (1932 , 33, 4 (1937) . In this work the production of pure ethyl, butyl, and C5H,,OII by selective absorption of the corresponding olefins in the appropriate concentration of 112SO.t with AgCI as catalyst is given. Also G. EglolY "Reactions of Pure Hydrocarbons," Reinhold Publish. Roessler, Brit. P. 478141 (1938) , (C.A., 32, 461o (1838) . In the last patent, mainly the normal butyl alcohol has been prepared at lo-loo atmosphere pressure in the pre-The Review of Physical Chemistry of Japan Vol. 15f No. 3 (1941) also in practice.
As can be readily seen from (Ghent-.Plot., 30, 6758 (1936) ); Deutsrhe Gold-mod SilberScheideanstalt vorrnals ltoessler, G. P. 674751 '(1939% (Cheat. ,fbst, 33, 6874 (t939) )..' In the latter patent, a mixture of methyl and ethyl alcohols is treated with it. at 200-350°C in the presence of a catalyst consisting principally of MgO with a small amount of one or more catalytically active metal oxides or metals, such as AILOa or CuO, to give higher alcohols . Tile pressure may be ordinary or up to 30 atmospheres. 4CO+8t1.+3CaC,=lso-C,I-I,OI I+3 ['•11.+3Ca0. (5') f Polymerize in Which the carbide is added, may he toughly seen from the following simple calculation. , hl both reactions the gases weree assumed ideal and the ratio of CO to II_ remained i to z throughout, and in the latter reaction, furthermore, the nascent acetylene molecules polymerized into a-product with a vcry low vapor pressure. Under these assumptions, the equilibrium constants of the reactions may be written, respectively, -a Plnh9 PUynt ti I (er)I ur,t P(cm I (m,l where I'(a,--). Ptnr). 1'ecrq, and me, respectively, the partial vapor pressures of alcohol, water, carbon monoxide, and hydrogen. From the data given in 'fable 11, JF of the reactions (5) and (5' The Review of Physical Chemistry of Japan Vol. 15f No. 3 (1941) No. L; SVN'I'IIES1S OF ISO. ANT) NORMAL. BUTYL. AI.CfItOl S 175 used as a starting material for the formation of the butyl alcohols, there is a difference of So licals. between the reactions involving and not involving the carbide.
These differences correspond to, in terms of the logarithm of the equilibrium constant, which is related to the free energy by the relation, JE=-RT In K, from 15 to 46 fold increase at 3oo°C ; in other words, there hill be a tremendous increase in the possibility of synthesizing the alcohols.
It is interesting and instructive to compare again the reactions 5 and. 6. In the absence of the carbide the free energy of reaction decreases front -52500 at too°C to + 13400 at 500°C. What this means is that, as the temperature is increased, the tendency for the alcohol formation decreases rapidly, and at about 400°C the free energy becomes zero. In practice, however, the reaction is usually carried out above 4oo°C11', and in order to off-set the decrease in the free energy by the increase of the temperature (to increase the rate of reaction) higher pressures are employed.
The effect of pressure on the equilibria for the comparative reactions, 4C0+811,=iso-C,H,OI I+3H,0 Not, returning to the comparison which I started to make originally between the reactions 5 and 6, it is seen that, where the carbide is used, -,IF 'is very much larger and even at 5000C it is still about -70Kcals. This means that not only is the equilibrium further shifted to the right, but also the temperature range in which the alcohols can be synthesized is increased very much, independently of the pressure. Since water is an inhibitor for higher alcohol formation by virtue of d its harmful adsorption on the catalyst's', the presence of the carbide which removes it completely and rapidly is particularly beneficial. From what has just been considered above, the presence of the carbide may increase the rate* of the alcohol formation, and this would manifest itself even at much lower temperatures than those commonly employed'SI. Evidence for it can be seen from the results of Table IV a where the reaction temperatures have been varied from 300 to 400°C, the rate of the effluent gas from 3 to 25 lit./min., anti the carbide content from 300 to 1000 grams per run. There the amount of isobutyl alcohol** formed per too grants of the carbide reacted remains practically the same, as shown in the last column of the Table. In fact, there seems some indication that 4oo°C may be too high, and the optimum temperature appears to be about 330 to 34o°C.
In Table IV b are shown the results of the runs in which the conditions are the same except for the reaction pressures. Unfortunately, during the run of Japan, 16, 278 (1941) . 16) 1'. K. Frolich and D. S.-Cryder, Ind. C/um., 22, 1051 (1930) . •
The discussion of the rate here presented is incomplete , since the concept of the activation energy is not explicitly given. "' Practically , only iso-butyl alcohol has been forntesl.
1'9
Carbide'
The Review of Physical Chemistry of Japan Vol. 15f No. 3 (1941) R. NEGISHI Vol. XV 16-49 some mechanical difficulty had developed, and the run was not completed, but the results indicated that iso-butyl alcohol could be produced in the presence of the carbide at fairly low pressures; the rate was slower than that of If,,-16.
In the former run, the slowest step in the reaction must have been the formation of methanol from the gas. This point will become more clear when the formation of the alcohols from the lower alcohols is considered.
If the reactions 8 and 9 are compared, some interesting results due to the addition of the carbide come to light. In the absence of it, some catalyst is needed to transform ethyl alcohol into the butyl alcohols (mainly normal), but in the presence of the carbide, there is need of no catalyst to bring about this transformation, and if a methanol catalyst is added, iso-butyl as well as the normal alcohol can be produced, as Table V shows. The role of the catalyst in the above reaction may throw sonic light on the mechanism of the formation of the higher He does not give a definite mechanism for the formation of iso-alcohols, but merely mentions that (CF-1,).,O may be one of the intermediates. He and Cryder could not obtain conclusive evidence that the reaction proceeded through the ether step").
Inspite of it, I shall tentatively propose, as an extension of the progressive condensation mechanism for the formation of normal and iso-butyl alcohols in the presence of the carbide, the following : In the presence of the carbide we have found only a slight amount* of either ethanol or propyl alcohol whether we start out with pure ethanol, with pure methanol, or with their mixtures, in each case with or without a methanol catalyst.
From the above fact, it seems more probable that the formation of normal butanol 17) F. Fischer and IL Tropsch, Die Umwmrdlnng der Eokle fit Oe&, 2, 246 (19x4) . 18) G. 'F. Morgan, Ave. Roy. Sac., A 127, 246 (1930) . 19) Brown and Galloway, And. Eng. Chem., 21, 310 (1929); ibid., 22, 175 (1930 , ao) 1'. K. 14nlich, bid. Eng. Chem., 23, Ill (1931 In a qualitative way, this process seems to confirm the mechanism of the formation of the alcohols proposed in the preceding section. The same as in Table IV. f Temperature ranges taken. Practically pure iso-and normal alcohols (results of solvent analysis). Vol. 15f No. 3(1941) No. 3 SYNTHESIS OF ISO-AND NORMAL BUTYL ALCOHOLS 181
The satisfactory yield, the lower reaction temperatures, and the less pressure dependence of the new processes here introduced for the first time could have been predicted front the simple thermodynamic considerations, and the recent work on the dehydration of alcoholel, where mainly ethers are formed, seems to give further assurance that the carbide plays a unique role in the synthesis of normal and iso-butyl alcohols.
Summary.
Iso-and normal butyl alcohols have been synthesized in the presence of calcium carbide. This new synthesis has been proved thermodynamically and practically powerful.
A new mechanism for the formation of the butyl alcohols has been tentatively proposed, and some evidence in support of it has been given. The strong affinity of the carbide for the water which is always formed along with the higher alcohols in these syntheses plays particularly an important and unique role.
The free energies of reactions for the formations of the butyl alcohols in the presence and in the absence of the carbide have been calculated, and it has been shown that in the former case, the magnitude of -JF is from 40 to 12o Kcals.
larger than that of the latter.
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